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R. A. Hanel, B. Schlachman, D. Rogers, D. Vanous, "Nimbus 4 Michelson 
Interferometer," Appl. Opt. 10, 1376-1382 (1971); 
https://www.osapublishing.org/ao/abstract.cfm?uri=ao-10-6-1376

A bit more than half a century ago

IRIS-D on Nimbus IV: April 1970-January 1971

%20%20https:/www.osapublishing.org/ao/abstract.cfm?uri=ao-10-6-1376


Quarter a century ago (Pre-AIRS era)
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Detect climate change from AIRS radiances

• Long-term trend then optimal fingerprinting 
for detection and attribution

• Second-moment statistics (covariance) for 
model evaluation



From spectral radiance to climate
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With 21.9 billions of AIRS well-calibrated spectra 
collected so far

• More can be done with the spectral radiances (trend analysis, signal detection and 
attribution, etc.), yet complexity with angles and clouds. 

• Spectral flux can be derived and used as a bridge to help us understand radiative forcings 
and feedbacks 

Spectral OLR we derived directly from AIRS radiance now is part of standard AIRS L3 product 
(AIRSIL3MSOLR_6.1)

In the rest of this presentation, I will discuss a few studies and efforts in my group for the above two 
tasks.
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AIRS nadir-view radiance trends  and inferred 
stratospheric change (Pan et al., 2017)

Trend of 2003-2013

CO2 trend ppmv yr-1

AIRS/AMSU 1.57 ± 0.1

AIRS 1.05  ± 0.6

Optimal fingerprint estimation (Hasselmann, 1993;1997)
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AIRS nadir-view, clear-sky global-mean trend (2003-2020) 

Both reanalyses sampled to AIRS clear-sky footprints before any trend analysis

5% significance5% significance5% significance

Huang et al. (submitted) 8



Next, I will use two examples to illustrate the merit of 
spectral flux diagnostics in feedback studies

• Trends of AIRS spectra OLR vs. CERES EBAF 4.1 OLR

• Spectrally decomposed lapse-rate and relative humidity feedbacks (LW)

Spectral dimension can reveal the compensating biases that cannot be revealed from 
broadband diagnostics and evaluation
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AIRS: sum of spectral OLR directly inferred from AIRS L1 radiances
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Zonal-mean Trend (2003 to 2021)
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Trend of global-mean, all-sky spectral flux
(2003-2021)



Spectral decomposition of the LW radiative 
feedbacks
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Identical broadband feedback could have different spectral decomposition

(Huang et al., 2014; Pan & Huang, 2018)
We can rearrange spectral frequency w.r.t. the peak of clear-sky Jacobian
&
Examine the contribution from different vertical layers

spectral interval: 10cm-1
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CanESM2: INMCM4:-0.55 Wm-2/K

INMCM4 – CanESM2

-0.55 Wm-2/K

spectral interval: 10cm-1
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GFDL CM3 (clear-sky) CSIRO-MK3-6-0(clear-sky)

CSIRO-MK3-6-0 – GFDL CM3

-0.031 Wm-2/K -0.031 Wm-2/K

spectral interval: 10cm-1
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Summary and Reflections
• Complement to broadband analysis, spectral dimension can reveal the 

compensating biases

• However, for the longwave spectral obs: vertical information is encoded in the 
spectral dimension in a complicated way (thermal contrast, clouds, etc)

• Unscramble such vertical information is not trivial, other obs can help

• We have enough data now to seriously look at spectral radiative forcing and 
feedback details from the observations
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Thank You!



Backup
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Annual means of clear-sky and cloudy-sky OLRCrIS – OLRCERES-FM5-Ed1 over the globe for 
2012 to 2020



Clear-sky Cloudy-sky

Daytime [1.71,2.43] [1.42, 3.02]

Nighttime [0.88,1.03] [1.45, 2.23]

Range of the annual-mean OLRCrIS – OLRCERES-FM5-Ed1 (Wm-2) from 2012 
to 2020
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Spectral (band-by-band) flux can be more revealing than the 
broadband flux
• LW spectral channel/band: sensitive to different part of the atmosphere (cloud can ”mess” it up) 

• SW spectral channel/band: dichotomy between visible and near-IR (surface albedo, gas absorption)

10cm-1 resolution
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Validation: comparisons with the PRP results 

(Huang et al., 2014)
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(Huang et al., 2014)
(Pan and Huang, 2018)

spectral interval: 10cm-1
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Using RH as a state variable
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Spatial compensation

(Pan & Huang, 2018)
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